On the basis of personal observations, herbarium specimens and, data reported in the literature the authors report morphological, ecological and distributive data on Pleurotus taxa from Italy. New descriptions are here provided based on the most distinctive-discriminating eco-morphological characters of twelve Pleurotus taxa.
Introduction
In modern taxonomy the genus Pleurotus (Fr.) P. Kumm is placed under the family Pleurotaceae Kühner (Agaricales, Basidiomycota). The Pleurotaceae are a family of small to medium-sized mushrooms which have white spores including 6 genera and 94 species (Kirk & al. 2008) .
The genus Pleurotus is a cosmopolitan group of fungi which comprises ca. 30 species and subspecific taxa also known as oyster mushrooms. The genus Pleurotus also represents the second main group of cultivated edible mushrooms in the world (Zervakis & Labarère 1992) . The Pleurotus species are efficient colonizers and bioconverters of lignocellulosic agro-industrial residues into palatable human food with medicinal properties (Philippoussis 2009 ). Some white-rot fungi of the genus Pleurotus are able to remove lignin with only minor attack on cellulose (Cohen & al. 2002) . Besides Pleurotus species demonstrates significant nutritional values (La Guardia & al. 2005; Venturella & al. 2015a) and their bioactive compounds (mainly polysaccharides) possess antibacterial (Schillaci & al. 2013) , antibiotic, antitumor, hypocholesterolemic and immunomodulation properties (Wasser 2002) . Pleurotus species establish a wide range of interactions with plants, animals and other microorganisms (Tsuneda & Thorn 1995) . Pleurotus species are also nematophagous and they derive nutrition by consuming nematodes (Thorn & al. 2000) . This is made possible by hyphae that may have drops or adhesive knobs that attach to passing nematodes and secrete nematotoxic compounds (Koziak & al. 2007 (Zervakis & al. 2001) .
P. abieticola, P. fuscosquamulosus and, P. opuntiae are infrequent to very rare species. The former was collected from east Russia (Petersen & Hughes 1997) whereas P. opuntiae is distributed in Mediterranean Europe and, particularly, in southern Italy (Venturella 1991) . P. fuscosquamulosus was reported for the first time in Greece by Zervakis & al. (1992) . This paper deals with the distribution and ecology of Pleurotus species growing in Italy on the wood of broadleaved trees, on trunks of Agavaceae and on the fiber of fallen cladodes of Cactaceae and, as weak parasites on the roots of herbaceous plants of family Apiaceae.
Materials and Methods
In the last ten years field collections on lignicolous and saprotrophs Pleurotus species, combined with observations on several herbarium specimens belonging to P. calyptratus, P. cornucopiae, P. dryinus, P. eryngii var. elaeoselini, P. eryngii var. eryngii, P. eryngii var. ferulae, P. ferulaginis, P. nebrodensis, P. opuntiae, P. pulmonarius, P. ostreatus, and P. thapsiae, and kept in the Italian universities (AQUI, BOLO, CAT, FI, GDOR, GE, PAL, PAV, PERU, RO, SAF, and TO) and the herbaria of the main Italian mycological amateur groups (Associazione Micologica Bresadola and Unione Micologica Italiana) allowed the macro-and micromorphological characterization of twelve Pleurotus taxa in the Italian territory. The macro-morphological characteristics of the basidiomes were evaluated with a Leica MS5 binocular microscope while the microscopic features were evaluated with a Leica DLMB microscope using tap water. In particular we observed the habit and the habitat, the color, the odor, the shape and the size of pileus and stipe, the cuticle of pileus, the type of lamellae, the stipe position, the hyphal system (monomitic or dimitic), the type of wall, the shape and the size of basidia and basidiospores, the pileipellis, the presence of pileocystidia, the hymenophoral trama combined with a well developed subhymenium, the reaction of basidiospores in Melzer's solution. The nomenclature of vascular plants follow The Euro+Med PlantBase -The Information Resource for Euro-Mediterranean plant diversity (http://www.emplantbase.org/home.html) while the nomenclature of fungi is referred to Zervakis & al. (2014) .
Species distribution and ecological notes
The Checklist of Italian Fungi (Onofri & al. 2005) (Zervakis & al. 2014 ) increasing the number of Pleurotus species in Italy to twelve.
The updated distribution in Italy of the taxa mentioned above is shown in Figs. 1-3. The lignicolous Pleurotus species mainly grows in broadleaved and conifer woods, on cultivated and ornamental plants, on living and dead trees, branches and logs.
P. calyptratus (Fig. 4) is currently reported only from Trentino Alto Adige (Vigo di Ton, Trento) on dead fallen trunks of Populus tremula L. The period of fructification is springsummer and the altitude range of 350 and 910 m a.s.l. On the contrary, P. cornucopiae is widely distributed in Italy and it can be observed from summer to autumn, and in different altitudinal levels, on stumps and trunks of different broad-leaved trees (i.e. Ulmus ssp., Fagus sylvatica L. A more restricted distribution is that of P. pulmonarius (Fig. 5 ) which can be collected, from 400 to 1600 m, from late summer up to autumn, on trunks, stumps and logs of various deciduous trees (i.e. Populus alba, P. tremula, Sorbus aucuparia L.), in Piedmont, Trentino Alto Adige, Veneto, Friuli Venezia Giulia, Emilia Romagna, Abruzzo, Basilicata and, Calabria.
P. opuntiae is an interesting and infrequent mushroom from southermost Italian regions (Calabria and Sicily), growing as parasite or saprotroph, from 0 to 500 m, on fibers of fallen cladodes of Opuntia ficus-indica Haw., and on trunks of Agave americana L. and Yucca elephantipes Hort ex Regel. (Venturella 1991) .
Other Pleurotus species grows as weak parasites on the roots of herbaceous plants of family Apiaceae. P. ferulaginis, recently collected in northeast Italy (Campoformido, province of Udine, 78 m a.s.l.), is associated with Ferulago campestris (Besser) Grecescu. This is a vernal species which can be observed in dry meadows, cliffs, rocky and calcareous areas, at an elevation of 0-900 metres. The basidiomes of P. eryngii var. eryngii grows in all the Italian regions in autumn, on calcareous soils and sandy shores, on root residues of Eryngium campestre L. and E. maritimum L., from 0 to 1500 m (Venturella & al. 2015a) . P. eryngii var. elaeoselini can be collected in autumn and spring, in different Italian regions, in pasture and meadows of calcareous soils and a nutrient-rich substrate, at an altitude of 0-2100 metres, on Elaeoselinum asclepium (L.) Bertol. subsp. asclepium, Laserpitium latifolium L. and, L. siler L. P. eryngii var. ferulae grows in Tuscany, Lazio, Molise, Campania, Basilicata, Apulia, Calabria, Sicily and, Sardinia, in pastures and meadows of arid and calcareous soils on Ferula communis L., at an altitude of 0-1200 metres. The main period of fructification is from summer to autumn. In winter the appearance of basidiomes is less frequent and then it resumes in early spring. P. eryngii var. thapsiae is an infrequent species currently reported only from Sicily, on root residues of Thapsia garganica L., in pastures on calcareous soils, at an altitude of 0-1500 m a.s.l. Pleurotus nebrodensis, a rare species at risk of extinction (Rossi & al. 2014) , growing in Sicily in arid pastures, is associated only with Prangos ferulacea (L.) Lindl. and its fructification period is restricted from the middle of April to the first ten days of June. Recently many reports of P. nebrodensis in Italy were re-identified as P. eryngii var. elaeoselini, a taxon with a much wider distribution in Europe than was previously assumed (Chinan & Venturella 2012) .
Systematic arrangement and descriptions of taxa
The first references on the systematics of the genus Pleurotus in Italy are attributed to Saccardo (1915) and Baglietto (1972) . Saccardo provided a systematic arrangement based on the position of the cap compared to the stipe. In particular, the species of Pleurotus were distinguished in three main groups: resupinate, dimidiate (shield-like) and, excentric. The systematic arrangement proposed by Baglietto was based instead on the ecology of the species with a clear separation between lignicolous species and the species growing on dead roots of plants of the family Apiaceae.
A modern systematic arrangement was recently proposed for Pleurotus taxa, including those growing in Italy, and new taxa were described and new investigations have been carried out by combining the traditional identification techniques with molecular analysis (Zervakis & al. 2014) .
In this paper we propose new descriptions for the species of Pleurotus growing in the Italian territory based on the most distinctive-discriminating eco-morphological characters:
Lignicolous fleshy species, saprotrophs or weak parasites, on living and dead trunks, deciduous and coniferous trees, solitary, imbricate, gregarious, in large clusters or in small groups.

Pleurotus calyptratus
Pileus 4-11 cm, hygrophanous grayish-blue, grayish-brown to brown, then beige to light beige, cream to almost white, convex or semicircular to kidney-shaped then circular. Cuticle smooth, silky-fibrillose, slightly viscid. Veil fleeting. Lamellae thin, crowded, decurrent to the top of the stipe, entire, without anastomoses but with numerous lamellulae and often forked, at first white then cream to light beige. Stipe absent, rudimentary or lateral. Trama homogeneous. Basidiospores cylindric to elliptic, thin-walled, with a small and broad apiculus, containing yellow oily drops and granules, 10.0-15.5 × 4-5.5 µm. Solitary or in small groups, on dead fallen trunks of Populus tremula.
Pleurotus cornucopiae
Pileus 4-15 cm, cream to pale yellowish brown, ivory sometimes grayish, convex, smooth to velvet-like centre, circular to kidney-shaped, distinctly depressed at the centre in mature specimens, with inrolled margin. Cuticle smooth, slightly viscid. Lamellae thin, wide, crowded, deeply decurrent up to the base of the stipe, with conspicuous anastomoses below. Stipe 3.0-11.0 × 1.0-2.5 cm, central to eccentric, rarely almost lateral, broader at top. Basidiospores 7.0-11.5 × 3-5.5 µm, subcylindric to ellipsoid, thin-walled. Imbricate often in large clusters with several pilei, on stumps and trunks of different broad-leaved trees.
Pleurotus dryinus
Pileus 4.5-16 cm, cream to light or darker gray, convex to cap-shaped in unripe basidiomes then plane. The margin inrolled when young, hung with partial veil remnants. Cuticle dull, fibrillose-tomentose, squamose in ripe basidiomes. Lamellae white then cream-colored to yellowish. Stipe eccentric, 2-6.5 × 1.5-4 cm. Trama homogeneous. Basidiospores cylindric to cylindric-elliptic, smooth, hyaline, with drops, 9.8-14.0 × 3.8-4.2 µm. Solitary to imbricate, in forests and parks, on living trunks of broad-leaved trees.
Pleurotus ostreatus
Pileus 4-20 cm, lingulate to spatulate, convex then conchate to hemicircular or flabellate. Cuticle smooth, dull silky, very variable in color from cream-beige to lilac-blackish. Lamellae whitish to cream, decurrent. Stipe rudimentary, laterally attached. Hymenophoral trama not completely irregular, thin-walled, 2.5-4-2 µm diam. Basidiospores broadly elliptic, smooth, hyaline, 6.2-8 × 4-6.5 µm. Solitary to gregarious, in forests and parks, on stumps, fallen trunks and living broad-leaved trees.
Pleurotus pulmonarius
Pileus 3-11, convex then flat, spathulate to kidney-shaped. Cuticle light brown, beigebrown, beige-buff, orange-brown, margin inrolled. Lamellae thin, crowded, decurrent to the top of the stipe and often intervenose along its entire length, with rare anastomoses, white to cream to ivory. Stipe absent or short, 1.5-2.0 × 2-4 cm, eccentric to lateral cylindrical to connate. Hymenophoral trama completely irregular, with clamped sclerified hyphae, 5.2-7.8 µm diam. And thin-walled hyphae 3.5-10.4 µm diam. Basidiospores 7.5-14.5 × 2.5-5.0 µm, subcylindrical to cylindrical to bacilliform, thin-walled. Solitary or usually in clusters and groups, on trunks, stumps and logs of various deciduous trees.
On trunks of Agavaceae and on the fiber of fallen cladodes of Cactaceae
Pleurotus opuntiae
Pileus 5-15 cm, sub-globose then shell-shaped. Cuticle smooth, thin, white, cream, yellowish in ripe basidiomes: Lamellae white-cream, narrowed, decurrent, with numerous lamellulae. Stipe 1.5-3 × 1.0-1.5 cm, lateral, hard, white and felted. Basidiospores 7.5-10 × 3-5.5 µm, oval and elongated. Solitary or in clusters, on fiber of fallen cladodes of Opuntia ficus-indica and on trunks of Agave americana and Yucca elephantipes.
Associated with plants of family Apiaceae
Pleurotus eryngii var. eryngii
Pileus 5-15 cm, fleshy, convex then depresse, brown to red-brown, warm brown, light beige to beige-brown. Cuticle velvety, pruinose, with pigments and terminal club-like cells. Lamellae decurrent, cream to light beige, anastomoses at stipe. Stipe 2.0-4.0 × 1.0
Pleurotus nebrodensis
Pileus 4-20 cm, fleshy, convex, white-cream to white ochraceous with alutaceous tones. Cuticle smooth, cracked in ripe basidiomes, thin, velvety, opaque. Lamellae deeply decurrent, whitish to pale yellow. Stipe 4.0-9.0 × 2.0-4.0 cm, central to eccentric, radicating, with a small reticulum at stipe. Basidiospores 12.2-17.4 × 5.5-8.2 μm, cylindric-elliptic, smooth, hyaline, with drops. Basidiomes appearing usually singly during spring or early summer, in altitudes from 1200 to 2000 m, in pastures of Prangos ferulacea on limestone soils. Distribution restricted only to Sicily.
Discussion and Conclusions
The Pleurotus species show an high level of diversity in the Italian territory. Some Pleurotus species (i.e. P. ferulaginis, P. nebrodensis) are endemic to restricted territories of southern regions some others are organisms of significant importance not only for the crucial roles they undertake in nature but also for many human activities that are strictly dependent on them. As white-rot fungi Pleurotus species are actively involved in wood decomposition, as weak parasites and saprotrophs they actively degrade the herbaceous plants residues while as edible mushrooms are also involved and/or exploited in forestry, pharmaceutical industry and food production. Furthermore, some Pleurotus species for their valuable organoleptic qualities are much appreciated by mushroom hunters. In addition, most of these species are suitable for cultivation and can be proposed to farmers as an alternative to traditional crops nowadays unprofitable. Apart from P. ostreatus that is already cultivated throughout the Italian territory and has an economic importance equal to that of champignon, a rapid spread, especially in southern Italy, is having the cultivation of "cardoncello" mushrooms (P. eryngii var. eryngii) (Venturella & al. 2015b ). Tests of cultivation were also carried out in Sicily on other Pleurotus saprotrophs species such as P. eryngii var. elaeoselini, P. eryngii var. ferulae and, P. eryngii var. thapsiae and in other regions (Basilicata, Piedmont, Friuli Venezia Giulia) on the lignicolous P. cornucopiae (Venturella & Ferri 2001) . Also P. nebrodensis is a potential cultivated species but most of the fungal strains currently available for cultivation are referable to P. eryngii var. elaeoselini and therefore they require a more precise morphological and genetic characterization (Venturella & al. 2015c) . Recently some Pleurotus species were also tested for their anticancer and antibacterial activities (Schillaci & al. 2013) . For all the reasons mentioned above we believe that the modern descriptions of Pleurotus taxa growing in Italy here reported is appropriate in order to provide an easier field identification by mycologists and mycological amateurs and for a more precise identification of fungal strains for molecular analysis and medicinal uses.
